BRIEF INTRODUCTION
Depending on the specific needs for the applications, it is necessary to tune the magnetic properties of the nanoparticles. In particular, synthesizing uniform sized nanoparticles with tunable magnetization is very essential for many applications. Among many magnetic materials, the most commonly used materials in nanoparticulate forms are magnetite (Fe 3 O 4 ) and maghemite (γ-Fe 2 O 3 ), due to their ease of synthesis and high saturation magnetization values.
The important variables determining the composition, size, and magnetic properties of iron oxide nanocomposites in a co-precipitation process are the molar ratio of ferrous to ferric ions, total concentration of iron ions, and pH. In particular, the molar ratio of Fe 2+ to Fe 3+ ions in raw reagents is expected to influence the overall magnetic properties of the resulting nanoparticles.
In this work, the simplest possible synthesis route for SPM [Superparamagnetic] and FM [Ferrimagnetic] nanoparticles via co-precipitation at room temperature in an air atmosphere is investigated by tuning the molar ratio , concentration and rate of alkali addition in the absence of any surfactant. The synthesis parameters used for this work was discussed in chapter.3 under section 3.1. The effect of these synthesis parameters on particle size and magnetic properties are examined and reported in this chapter.
RESULTS AND DISCUSSION

X-Ray Diffraction Analysis
XRD patterns of SP1-SP5 samples are shown in Figure. Where K is the Scherrer constant 0.94, λ is the X-ray wavelength, β is the peak width at half-maximum and θ is the Bragg diffraction angle.
FT-IR Spectra Analysis
FT-IR spectra of the five samples, SP1-SP5, are shown in Figure. 4.2. 
X-ray Photoelectron Spectroscopy Analysis
Figure. 
Morphology Analysis
TEM results for the samples SP1, SP3 and SP5 are shown in Figure. 
Particle Size Analysis
The Z-average particle sizes of SP1-SP5 samples analyzed by dynamic light scattering and particle size distribution plot is shown in Figure. 4.5 (b). The average hydrodynamic diameters of the particles are of the same order as the result of our TEM study. The oxidation process of Fe 3 O 4 to γ-Fe 2 O 3 is known to be a topotactic process and hence no change in particle size or shape before and after oxidation is expected [149] . Therefore, the difference in particle size among the five samples is not due to the difference in composition. The size difference may only be explained by the nucleation rate of the nanoparticles.
However, as shown in Figure. 4.5 (a), the particle size and Fe 
Magnetic Properties
Figure. The magnetization curves of the five samples followed the Langevin function,
Where M s is the saturation magnetization, µ is the true magnetic moment of the nanoparticle, H is the applied magnetic field, and k B T is the thermal energy. The magnetic moment of the nanoparticle is a function of particle size, given by ( ) 
Effect of Alkali Concentration
As mentioned earlier, to examine the effect of alkali concentration on the properties of nanoparticles, two other concentrations of ammonia solution (0.5 and 1.5 M) were studied, and two molar ratios 3:1 and 1:3 were studied as listed in Table 3 .1. SP6 and SP8 made with a low ammonia concentration had dark brown colors and showed less response to the external magnetic field during magnetic collection. On the other hand, the samples (SP7 and SP9) made with a higher ammonia concentration were dark black and showed strong response to the external magnetic field. 
CONCLUSION
A simple, room-temperature, air-atmosphere synthesis of SPM and FM nanoparticles were performed by using a chemical coprecipitation technique. The ability to tune the magnetic properties of the nanoparticles by varying the process parameters was studied. It was demonstrated for the first time that a coprecipitation method at room temperature and in an air atmosphere can be used to tune the magnetic properties of the nanoparticles. It was found that superparamagnetic and ferrimagnetic nanoparticles with different particle sizes ranging from 7 to 25 nm and magnetic properties with saturation magnetization between 2 to 75 emu g −1 can be synthesized by simply controlling the molar ratio of ferrous to ferric ions and the concentration of ammonia. . This study demonstrates a simple method to design magnetic iron oxide nanoparticles of desired properties for many applications.
Synthesis procedure stated in this chapter is adapted for further studies, which is reported in consecutive chapters. The samples used in every study are recurrently characterized to check the reproducibility in size and magnetic properties. Further, the investigations on the suspension stability and sedimentation behavior of synthesized iron oxide nanoparticles are investigated and the results are reported in the following chapter.
